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Abstract

A main concern in high intensity rings is the evaluation
of uncontrolled losses and their minimization using colli-
mation systems. A two-stage system is foreseen for the
PS2. The fundamental design strategy for the collimation
design is presented, including machine apertures and colli-
mator materials. The dependence of the collimator system
efficiency on the primary scraper length and the impact pa-
rameter of the particle is evaluated for different collimator
locations. Beam loss maps are finally produced displaying
the detailed power load deposited around the ring.

INTRODUCTION

The PS2 is a high intensity machine which will acceler-
ate beams with maximum intensity of 1.0 ×1014 protons to
a final kinetic energy of 50 GeV translated in an instanta-
neous power at extraction of ∼400 kW. Even a small frac-
tion of uncontrolled beam loss may radio-activate and harm
the ring elements. In order to permit hands-on maintenance
and fast intervention in the accelerator, a fractional power
of 1W/m [1] is considered as the maximum acceptable un-
controlled beam loss level. A two-stage collimation sys-
tem is under study to localize the losses in a confined area.
Due to the machine racetrack shape, there is no space for a
dedicated collimation insertion and the collimators will be
placed in one of the two long straight sections (LSS), shar-
ing the space with magnetic elements. One of the important
parts of the collimator strategy is to compare the efficiency
of the collimation system with respect to its position. At
the same time, the length of the primary collimators for
different materials is chosen and the system’s efficiency is
evaluated for different impact parameters, which depend
strongly on the halo growth rate.

COLLIMATOR APERTURES,
MATERIALS AND LENGTH

In order for a two stage collimation system to be effi-
cient, the secondary collimators should not become pri-
maries under any circumstances so the relative retraction
between both should be large enough. The primary colli-
mators are placed in terms of rms beam size at n1 = 3.5σ,
in order to avoid interaction with the core of the beam.
Considering a maximum beta-beating of 15% the minimum
aperture for the secondaries is at n2 = 4σ. Following the
same principle the machine elements are set to n3 = 4.5σ.
These magnet apertures are similar to the actual PS, con-
sidering the injected emittance of the high-intensity beams.

Graphite (low Z) and copper (high Z) are the two mate-
rial options considered for the collimators. The rms angle
due to Multiple Coulomb Scattering as a function of the
length of material traversed is given by [2]
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is the thickness of the material in terms of radi-
ation length χ0. This formula shows that the kick grows
inversely with the radiation length of the material. Consid-
ering that the radiation length for C is approximately 13.5
times higher than the one of Cu, the minimum required ma-
terial length which gives a sufficient kick for reaching the
secondary collimators is 1mm for copper and 20mm for
graphite. The upper limit for this kick is set by the accep-
tance of the machine, which is reached with a scraper of
2mm of copper and 30mm of graphite, respectively. In all
the simulations the former set of scraper lengths was used.

For the secondaries a length of 1m is considered in or-
der to stop the out-scattered particles. As for both materials
this thickness is several times the interaction length, so the
probability for the particles to be absorbed is high enough.
The final length adjustment and material choice should be
guided by energy deposition studies for evaluating the me-
chanical integrity of the collimators.

COLLIMATION SYSTEM LAYOUT

The latest PS2 lattice can be found in [3]. The ring is
of racetrack shape and the two arcs are filled with nega-
tive momentum compaction cells. Each LSS consists of
a triplet in the middle and two FODO cells at each side.
In the absence of a dedicated insertion, the LSS are the
alternative areas for placing the collimator system. One
LSS (denoted LSS1) is dedicated to injection and extrac-
tion [4] and almost completely filled with the required el-
ements whose location is shown in Fig. 1. In this section,
the collimation can profit from the existing beam dump for
the H−, that could be used as secondary collimator. The
other LSS (LSS2) accommodates the RF system. The RF
cavities can be placed in the upstream part of the section
leaving the rest of the cells for the collimators. These two
location options will be compared with respect to their ef-
ficiency.

Considering scattering in only one plane, the optimal
phase advances between primary and secondary collima-
tors are given by [5]

μ1 = cos−1

(
n1

n2

)
, μ2 = π − μ1 , (2)
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Figure 1: Long straight section layout, including collimators, injection and extraction elements.

Table 1: Main Collimator Parameters

Name βx βy μx μy Nσ Half apert.
[m] [m] [deg] [deg] [mm]

TCP.H.1 30.5 17.9 0.0 0.0 3.5 32.6
TCP.V.1 24.5 20.4 2.6 3.5 3.5 19.5
TCS.H.1 13.3 28.6 18.6 14.8 4.0 24.6
TCS.V.1 11.0 31.6 25.2 17.2 4.0 27.7
TCS.H.2 22.8 16.5 83.2 41.3 4.0 32.3
TCS.V.2 26.9 14.2 85.8 46.1 4.0 18.6
TCS.H.3 11.3 33.8 116.0 80.4 4.0 22.7
TCS.V.3 9.5 38.8 123.1 82.2 4.0 30.7
TCS.H.4 11.3 35.6 153.5 88.9 4.0 22.6
TCS.V.4 13.5 31.3 158.7 91.1 4.0 27.6

which gives μ1 = 28◦ and μ2 = 152◦. The maximum
phase advance available in each plane is Δμx = 208◦ and
Δμy = 141◦, so it is not possible to fullfil the optimal
phase advances in the vertical plane. However the scatter-
ing processes take place in two dimensions, thus additional
secondary collimators are needed in order to increase the
cleaning efficiency. The optics in both LSS are identical
and the relevant parameters are displayed in Table 1.

TRACKING SIMULATIONS

The collimation system should be able to clean the par-
ticles that drift out of the beam core and populate the tails.
These particles form the so-called halo and may be lost
somewhere in the ring. The efficiency of the collimation
system relates the flux of particles absorbed by the colli-
mator jaws and the total number of particles. Conversely,
the inefficiency is defined as the beam power lost in any
other element than a collimator with respect to the total
halo power

ηeff = 1 − ηineff = 1 − Ṅp,lost

Ṅp,total
. (3)

In order to estimate the collimation system inefficiency,
tracking of 104 particles is performed for 100 turns through
the lattice thin elements model. The collimator scatter-
ing processes are simulated with K2 and the particle posi-

tions are compared with a detailed aperture model [6]. This
method allows to estimate the power deposited in each el-
ement considering a total halo power of 4kW, representing
a few percent of the injected high intensity beam.

 0.73
 0.74
 0.75
 0.76
 0.77
 0.78
 0.79

 0.8
 0.81
 0.82
 0.83
 0.84

 1e-07  1e-06  1e-05  0.0001  0.001

E
ffi

ci
en

cy

Impact Parameter [m]

LSS1 Copper
LSS1 Graphite

 0.77
 0.78
 0.79

 0.8
 0.81
 0.82
 0.83
 0.84
 0.85
 0.86

 1e-07  1e-06  1e-05  0.0001  0.001

E
ffi

ci
en

cy

Impact Parameter [m]

LSS2 Copper
LSS2 Graphite

Figure 2: Global efficency for different impact parameters
with collimators in LSS1 (bottom) and in LSS2 (top).

Impact Parameter

The halo distribution depends strongly on the emittance
growth rate. Several processes influence the halo for-
mation such as space charge, magnet imperfections and
non-linearities. The faster the diffusion and the emittance
growth the bigger is the impact parameter. As the halo
growth rate is generally unknown, the collimation ineffi-
ciency has to be evaluated versus different impact param-
eters in order to understand the robustness of the cleaning
system for the two materials considered.

In Fig. 2 the collimation efficiency is plotted versus
the impact parameter for copper (red curve) and graphite
(green curve), when placing the collimators in LSS1 (bot-
tom) and LSS2 (top). The efficiency of copper seems to be
higher than graphite, especially for impact parameters of
10μm. For higher or lower impact parameters than 10μm,
the efficiency of the graphite increases. This may be ex-
plained by the fact that at lower impact parameters the scat-
tering angle is small enough to let the particles escape the
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Figure 3: Beam loss maps when collimators are placed in
LSS1 (top) and zoom around the collimator section (bot-
tom).

system and return to it after several turns with larger im-
pact parameters. In that case, the scattering angle is large
enough to drive the particles towards the secondary colli-
mator [7]. The minimum efficiency results when the scat-
tering is low enough to let the particles escape for several
turns but large enough to drive the particles towards ma-
chine elements with aperture limitations. The same behav-
ior is shown in the case of copper, although the minimum
is displaced towards lower impact parameters. As it is also
revealed in the following section by the detailed beam loss
maps, the efficiency is higher when placing the collimators
in LSS2 than in LSS1.

Beam Loss Maps

In order to protect the machine elements and allow
hands-on maintenance a maximum of 1 W/m [1] dis-
tributed all around the machine are accepted. Beam loss
maps for collimators placed in LSS1 and LSS2 are pre-
sented in Figs. 3 and 4. The bottom of both plots presents
the beam loss details on the respective collimator sections.
For both cases, the collimators are made of graphite and
1μm impact parameter is considered. Although the overall
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Figure 4: Beam loss maps when collimators are placed in
LSS2 (top) and zoom around the collimator section (bot-
tom).

efficiency is very good, there are several locations around
the ring where the deposited beam power exceeds the tar-
get of 1W/m. The loss pattern around the ring is quite sim-
ilar in both cases, where the highest losses occur around
the collimation section. The zoomed plots reveal the clear
difference between the two sections. The beam loss pat-
terns are almost identical in the two collimation areas apart
from the yellow peaks in LSS1 corresponding to injection
and extraction elements. This clearly demonstrates that the
placement of the collimators in LSS2 is superior with re-
spect to cleaning efficiency and machine protection.
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